Determination of solar radiation reflection coefficient, H r /H o (albedo)
H r /H o is a ratio of short wave reflected radiation H r , towards the space, to the extraterrestrial radiation H o incident on the surface of the earth at the edge of the earth＇s atmosphere. Here at Ilorin, the location of this work, H r , the reflected radiation is not measured nor is there a formula in literatures by which it may be predicted or estimated. The apparatus to measure surface albedo or reflected solar radiation is not available here nor in many other under-developed countries. It is therefore determined to produce its data by estimating or simulating it. Therefore the work done on short wave energy balance at the edge of the atmosphere becomes relevant, as it provides a means by which the short wave reflected solar radiation back to space could be estimated. Once the reflected radiation flux is obtained, the solar radiation or short wave radiation reflection co-efficient is easily obtained. It is reasonable to want to know the fraction of the incident radiation H o is returned back to space on daily, seasonal, and annual basis. Therefore the knowledge of reflection co-efficient, H r /H o , used to define albedo, is desirable, and is a very important and relevant radiation parameter in radiative transfer in the atmosphere.
In estimating and studying the characteristics of albedo, global (total) solar radiation H, and diffuse solar radiation H d , of wavelengths range, mostly from 0.2 to 4.0µm, were used to simulate solar radiation reflection, H r and the reflection coefficient, H r /H o . The radiation fluxes were obtained from the BSRN station, Physics Department, University of Ilorin. The extraterrestrial radiation, H o , at the top of the atmosphere at Ilorin, computed for year 2000, were used.
The global (total) radiation was measured by Eppley Pyranometer, PSP, with calibration constant of 8.2 x 10 -6 V/Wm -2 , while the diffuse radiation H d was measured by the Black and White Eppley Pyranometer model 8-48 with calibration constant 9.18 x 10 -6 V/Wm -2 .
From the measured and computed radiation fluxes, the daily and monthly averages of the fluxes, and the ratios H/H o , H d /H and H r /H o were computed. Thus, the sw-solar radiation reflection, and total wavelengths reflection co-efficient or reflectance simulated using the data of year 2000 at Ilorin were used for the study. In compliance with the world WRR, sampling rate of 1-second duration of the radiation fluxes was done every minute with integration time of 3-minutes maintained for averaging and recording.
In the work on shortwave solar energy balancing at the edge of the atmosphere carried out in 2003 by Babatunde (2003; 2003) 
Thus, can these two parameters be said to be twins of the same physical quantity?
Both H r and H r /H o could be and were estimated using eqn.3.
The sw-reflected solar radiation, H r , is understood to include the reflected radiation from the Earth's surface, reflected radiation back to space by clouds, and the scattered radiation back to space by atmospheric particles and clouds. Reflection, with regards to solar radiation, is redirection of radiation by 180 o after striking a surface or any atmospheric particle; it is a lost radiation to the space. The fraction, H r /H o , called total wavelengths (0.2 -4µm) reflection co-efficient or reflectance from all the surfaces on the Earth's surface defines generally the Earth's surface albedo (Igbal,1983 The magnitude of the cloudiness index could be interpreted to mean the degree of cloudiness or turbidity in the sky and to imply the magnitude of the diffuse radiation in the global, while the magnitude of reflection co-efficient would indicate the degree of brightness of the surface and the amount of reflected radiation back to space.
It could be said by this, that if the sky was relatively cloudless, albedo, or reflection coefficient, H r /H o would be relatively small, thus, more radiation would be available to solar energy devices on the earth. On the other hand the variation of H d /H which was simultaneously significant, was observed to be high in magnitude more than those of the others for the same changes in atmospheric conditions. This implies that it is more sensitive to the atmospheric condition changes responsible for the variations than the others. But in November (in Fig.4 Table 1 and Fig.5 above, present the monthly average values of reflectivity, H r /H o , of the Earth and its atmosphere at this location. The reflectance or reflectivity of radiation or albedo property of the contemporary atmosphere is seen to vary from month to month at this location as in any other location on the earth's surface. The seasonal values can be inferred from the monthly average values. An interesting implication of this is that reflectance or albedo could be used as a radiation or atmospheric parameter to determine the sky conditions of a location or region. It may also be used to estimate the surface temperature of the Earth at the location. The following expression, though not very accurate, relates the surface temperature, T of the Earth to its albedo, i.e. McIIveen,1992) where a is the albedo, S is the solar constant and σ is the universal Stefan-Boltzman constant. The expression indicates that the temperature T would decrease as albedo increases.
Seasonal variation and sky conditions by H r /H o , the albedo

T = [ (1-a )S/4σ ] 1/4 (
Nigeria, the case study, being in the tropics, experiences two main seasons: dry season and rainy season. While temporal demarcation between them is not rigid, the dry season is from about November to April and the rainy season is from about May to October. The two seasons may be divided into sub-seasons or periods with slightly different weather or atmospheric conditions . For the purpose of determining the sky conditions using seasonal variations of albedo in this work, the two seasons were subdivided into four divisions. For each period, the representative value of the albedo or reflectivity of the Earth was computed. The sub-divisions are presented in Table 2 However for the two main seasons, the sky conditions parameters are summarized as follow in Table 3 . For the dry season, the sky is generally and relatively cloudless as indicated by the relatively low average value of albedo, as seen in Table 3 . More solar radiation is therefore expected to be available at the Earth's surface at this period, while in the rainy season the albedo is relatively high, and this is attributed to high cloudiness at this period, see 
Discussions
The results obtained confirm that the atmospheric constituents responsible for reflecting solar radiation back to space are clouds, aerosols and dust particles of different sizes, of which cloud is the chief (McIIveen,1992) . When therefore an atmosphere is clear and clean, that is, cloudless and dustless, the values of H r /H o are expected to be relatively small and that of H/H o to be relatively large. The implication of this is that, when the value of H/H o is large, most of the radiation on such days is expected to reach the ground surface not deviated and not scattered, and the reflection of radiation to space on such days is expected to be small and mostly from the surface of the Earth, because the atmosphere is cloudless. In general, it can be said that reflection of radiation back to space by the planet would be mostly that of clouds and aerosol in the atmosphere. That is, the shortwave radiation reflection by the Earth's surface alone is comparatively small to that by its atmosphere. Thus it can be safely said that the atmospheric conditions that influence reflection of shortwave radiation back to space most are clouds and aerosol particles, particularly those of molecular size.
High values of reflectivity or reflectance indicate period of low altitude and thick clouds, and rains, dominating the sky. The large albedo values, therefore, in June to September must be mainly due to clouds. The implication of this is that there will be the possibility of poor performance of the solar energy systems, particularly solar concentrating devices, poor fruition of crops and plants and low surface temperature of the Earth during this period as most of the sunlight is sent back to space by reflection. According to the value of the albedo of this period, about 60% of the sunlight that strike the Earth-Atmosphere surface is reflected back, and was not available to solar energy devices for operation.
October to November is a transition period between rainy and dry seasons; it had the lowest average value of albedo of 0.404 (Table 2 above) . This indicates about 40% of sunlight being reflected away back to space. This does indicate a period of little or no clouds to reflect radiation, little or no dust to scatter radiation back to space but enhances more sunlight reaching the ground surface; hence performance of solar energy devices is expected to be high, fruition of crops and plants to be enhanced and the Earth's surface temperature is expected to rise (Babatunde et al, 2009 ).
April-May period is another transition period between the dry and rainy seasons. Changes in the sky conditions were dynamic during this period as the variations of all the parameters were significantly high and frequent. It is therefore relatively cloudy and contained more of hygroscopic particles than dust. The next highest average value of albedo of 0.465 (Table 2 above) was recorded in this period. This value indicates less than half or about half of the sunlight being reflected back. The albedo of the period was however higher than that of the period termed, very dry, cloudless and with high concentration of the harmattan dust, this period is known to be, December to March, a period, with albedo of 0.447 (Table 2 above ).
This analysis indicates that an atmosphere with low altitude and thick clouds will reflect more radiation than the scattering one, even with large dust concentration.
Since it is possible to use equation 3 to estimate the reflectance of a surface at a location, the values of it, obtainable at Maceio, Brazil (9 0 40'S, 35 0 42'W), of coordinates almost similar to that of Ilorin (8 0 32'N, 4 0 34'E), are compared. It has a value of 0.53 for H/H o in the rainy season and 0.59 in the dry season. These correspond to, by computation, reflectance or albedo of 0.47 and 0.41 for the rainy and dry seasons respectively (De Sonsa et al, 2005) . Brazil is covered with thick rain forest and also in the tropics, with clouds cover most of the time. These albedos are comparable to the ones obtained here at Ilorin. Hence this method of estimating albedo, though simple, may give a reasonable estimation of it at other locations.
Conclusion
The daily and monthly variation patterns of the simulated shortwave reflection co-efficient, H r /H o , known as albedo, a surface phenomenon, were compared with the corresponding cloudiness index, H d /H, an atmosphere phenomenon. They were both found to be mirror images of one another. While the shortwave diffuse radiation is toward the Earth's surface, its mirror image, the shortwave reflection radiation is back toward space.
The shortwave solar radiation reflection co-efficient was used to define the Earth's surface albedo which was found to vary daily and monthly in accordance with changes in the atmospheric conditions causing the variations.
The surface albedo according to the analysis, therefore, at Ilorin in year 2000 was found to range between 0.4 and 0.6. These values seem high when compared with the average value of 0.3 obtained for the Earth's surface albedo, but would be considered consistent with the acceptable ones since the values fall within the many possible values averaged statistically to obtain the quoted value for the Earth. The values of albedo can vary from 0 for no reflection to 1 for complete reflection of light striking the surface. For a spot like Ilorin on the surface of the Earth to have values of albedo between 0.4 and 0.6, is not unexpected. Ilorin, in Nigeria, is in the tropical region which is cloudy with different types of clouds most of the time in the year. The atmospheric factors which influence radiation reflection and scattering in the Earth-Atmosphere system most, are clouds and particles, clouds being chief. The Earth and its atmosphere, in this regard, were found most reflective of radiation in August and least reflective in November at Ilorin in year 2000. It was observed, in the relationship between them, that the clearness of the atmosphere characteristically, is diametrically opposite to that of reflectivity of the atmosphere, while the cloudiness and reflectivity of the atmosphere have the same characteristics. It is thus observed, in the effects on solar radiation, while high value of clearness index will enhance the performance of solar energy devices on earth, high value of reflectance will adversely affect it.
Summary of the chapter
The highest reflectance recorded was 0.644 at the peak period of cloud activity in August, and the lowest was 0.361 in November when it was relatively cloudless and dustless. It was deduced that, characteristically, shortwave solar radiation reflection is a mirror image of shortwave diffuse solar radiation, and that reflectance is a sort of cloudiness index.
The albedo deduced from the study, for the Earth-Atmosphere at Ilorin in 2000, ranged between 0.4 and 0.6. These values were consistent with the possible values of albedo of different surfaces on the Earth's surface. The above equation therefore, may be found suitable for estimating surface albedo at any other place on the Earth's surface.
